Peracarid crustaceans form a significant part of the macrobenthic community which is responsible for scavenging on large food falls onto the sea floor.
Introduction
The scavenger guild plays a key role in deep-sea benthic communities by rapid recycling and dispersing organic falls of all sizes, from small plankters to whales (e.g. Gage and Tyler 1991, Britton and Morton 1994) .
In the Antarctic seas, the existence of an abundant and active scavenger fauna was noticed by early Antarctic marine investigators. Observing the large catch of lysianassid amphipods attracted quickly to baited nets at Cape Adare during the National Antarctic Expedition 1901 -1904 , Hodgson (in Walker 1907 These early collections were mostly opportunistic. With the establishment of permanent coastal Antarctic stations, baited traps have been used more systematically to collect necrophagous invertebrates (e.g. Hurley 1965 , Arnaud 1970 , Bruchhausen et al. 1979 , Rakusa-Suszczewski 1982 , Nagata 1986 , Presler 1986 , Slattery and Oliver 1986 , Moore 1994 . These catches have provided data on the composition, ecology and biology of scavengers, as well as the discovery of species new to science (e.g. Hurley 1965 , De Broyer 1985a , Nagata 1986 ). Most of this sampling was done at depths shallower than 150 m. Attempts to collect scavengers on the deep Antarctic continental shelf, which extends to an average depth of 450 m and, in places, to over 1000 m depth (Clarke and Johnston, 2003) , have been relatively few (Arnaud 1970 , De Broyer and Klages 1990 , De Broyer et al. 1997 , 1999 , Takeuchi et al. 2001 ).
Baited trap sampling led to the discovery of an unexpected vagile benthic fauna of fish and crustaceans under the Ross Ice Shelf at a distance of 400 km from the sea, under ice 415 m thick (Bruchhausen et al. 1979 , Lipps et al. 1979 , Stockton 1982 .
In the deep sea, bathyal and abyssal trap sampling was initiated by the Prince of Monaco as early as 1888 and provided new, and sometimes giant, species of crustaceans and fishes (Richard 1934 , Chevreux 1935 , De Broyer and Thurston 1987 . Much later, baited cameras revealed the existence of a very active guild of mobile necrophages in the deep sea which attracted much interest (e.g. Isaacs and Schwartzlose 1975 , Hessler et al. 1978 , Gage and Tyler 1991 , Britton and Morton 1994 . In the Antarctic deep sea, attempts at baited trap collecting have, so far, been extremely few: two operations were reported by Bowman and Manning (1972) During the Polarstern EASIZ campaigns (1996 & 1998) in the Weddell Sea baited traps were used systematically to complement the catches made by other gears in order to obtain a more complete representation of the shelf and slope assemblages at the so-called "integrated stations" (Arntz and Gutt 1997 , 1999 , De Broyer et al. 1997 , 1999 . These trap operations collected mobile scavengers (sometimes in large number) that were not, or only rarely, sampled by other gears such as trawls, dredges, epibenthic sledges, boxcorers and deep plankton nets.
In addition, investigations of the Antarctic deep sea have recently been conducted during the Polarstern ANDEEP cruises in 2002 in the Scotia Sea, the western Weddell Sea and the South Sandwich Trench (Brandt et al. 2003 , De Broyer et al. 2003 . These bathyal and abyssal investigations involved a series of successful deep-sea trapping operations.
The results of these Polarstern campaigns in terms of composition and bathymetric distribution of the crustacean scavenger guild are reported herein and Antarctic shelf and deep sea faunules are compared. In addition, to investigate the role of the scavenger guild in Antarctic shelf communities and to complement data previously obtained from gut content analyses (Dauby et al. 2001a, b) , results of feeding experiments on necrophagous amphipods are presented.
Material and Methods

THE AUTONOMOUS TRAP SYSTEM
All scavengers were sampled using an 'autonomous trap system' (ATS), based on the system developed at IFREMER, Brest (Guennegan and Martin 1985) . It consists of 4 elements ( Fig. 5.1 Traps were baited (preferably) with notothenioid fish when available, or with other fish or beef meat (from about 200 to 600 g, depending on trap size).
Bait was usually wrapped in nets (5 mm mesh) in order to prevent too rapid consumption and so increase the time over which it remained attractive. The system was deployed and retrieved after 1 to 5 days (preferably 48 h) on the bottom (Table 5 .1). A low-frequency acoustic signal sent from the ship activated release of the ballast and the ATS was returned to the surface by the buoyancy.
The ATS has provided healthy individuals of necrophagous species that could be reared in aquaria and kept alive for as long as two years.
SAMPLING SITES
The material was collected with the ATS during several cruises of the Broyer et al. 2003) .
Sampling data are presented in Table 5 .1. and sampling locations are shown in Fig. 5 . 2. Several experiments were performed in order to evaluate the feeding rate of four common scavenging Antarctic amphipod species (all lysianassoids, see Egestion rates were estimated, in parallel to some feeding experiments, with
Waldeckia obesa (Chevreux 1905) . After a single 24 hour feeding period, a group of animals was placed in nylon gauze baskets (mesh size 2 mm) which allowed faecal pellets to pass through, so to avoid coprophagy. Animals were kept unfed for 5 to 9 days, and faeces were collected twice daily, dried and weighed as above. 
Results and discussion
COMPOSITION OF THE SCAVENGER GUILD
The 31 trap sets reported here captured a total of about 70,000 invertebrates from 76 species and 10 specimens of fish from 4 species (Table 5 .2). Twenty one trap sets at shelf depths (less than 1000 m) in the eastern Weddell Sea and around South Shetland Islands captured more than 68,000 specimens of crustaceans belonging to 53 benthic and benthopelagic species, 5 specimens of echinoderms and 7 specimens of 3 fish species.
In the deep sea, 8 trap operations on the slope of the eastern Weddell Sea and at bathyal and abyssal depths in the western Weddell Sea, the Scotia Sea and the South Sandwich Trench provided about 1400 crustaceans of 33 species, 1 specimen of a gastropod and 3 specimens of fish.
While the trap samples can be considered representative of the crustacean scavenger fauna, this is not the case for the fish as the traps were suboptimal in terms of size and entrance diameter for collecting them.
Both at shelf depth and in the deep sea (slope and abyssal plain) the bulk of the catches consisted of amphipod crustaceans, in particular lysianassoids.
The second dominant group, the cirolanid isopods, was not represented In the deep sea, 26 lysianassoid species from 15 genera were found, with one new species in each of the following genera: Alicella, Hirondellea, It must be kept in mind in such comparisons that trap sampling is by no means quantitative, as remarked above, and that repeated sampling may yield more species.
The relation between species richness of necrophagous amphipods and depth is shown in Fig. 5 .4. This figure clearly shows the variability of amphipod richness in coastal and shelf traps and its reduction from the shelf down-slope to the abyssal zone. It has been found in both polar regions at bathyal and abyssal depths (e.g. 
MORPHOLOGICAL ADAPTATIONS TO NECROPHAGY
Morphological analysis of the amphipod species collected in traps (Tables   5.3 . and 5.4.) has shown several types and degrees of adaptation to a necrophagous mode of life, thus confirming previous observations and interpretations (Dahl 1979 , Thurston 1979 , De Broyer 1983 . The typical eco-functional adaptations to necrophagy are summarized briefly in Table   5 . Mandible morphology appears of primary importance in amphipod evolution in general and in the scavenger feeding types in particular (Dahl 1979 , De Broyer 1985b , Barnard and Karaman 1991 , Watling 1993 . The evolutionary trend toward necrophagy is marked by several transformations of the mandible from the relatively basic type found in the opportunistic scavengers (e.g. O. obtusa; see Olerod, 1975) or Abyssorchomene to the types found in the deep sea species that are obligate scavengers Eurythenes, Hirondellea and Paralicella (Dahl 1979 , Thurston 1979 , De Broyer 1983 .
Orchomenopsis
The following morphological transformations are considered adaptations to antarctica is collected regularly in traps but is supposed to be mainly a micropredator on hydrozoans and sea anemones (Dauby et al. 2001a ).
Abyssorchomene plebs is frequently taken and sometimes is extremely abundant in bottom traps (e.g. Rakusa-Suszczewski 1982, De Broyer and Klages 1990 ). This species, as well as the less common A. rossi, are typical benthopelagic species that are also able to prey on copepods, salps and coelenterates in the water column (Dauby et al. 2001a ). These
Abyssorchomene species can feed on phytoplankton and microzooplankton organisms (Hopkins 1985 (Hopkins , 1987 presumably aggregated prior to ingestion (see Riebesell et al. 1991) as these species have no filtering appendages.
Stomach content studies of animals from trap collections, as well as fatty acid and stable isotope analyses (Graeve et al. 2001 , Nyssen et al. 2002 , have revealed that the opportunistic scavengers may be primarily predators (e.g.
Eusirus antarcticus, E. bouvieri, Hirondellea antarctica, Tryphosella
murrayi) or mainly deposit feeders (e.g. Uristes gigas).
BATHYMETRIC DISTRIBUTION
The bathymetric distribution of amphipods collected in traps in the eastern Weddell Sea is given in Fig. 5 .5 (next page). The chart is not representative of the complete bathymetric distribution of these species as it does not include depth records from other gears.
In terms of bathymetric distribution, the trap results (Fig. 5 .5, next page) may indicate a faunal break for scavenger amphipods at a depth of about 800 to 1000 m in the eastern Weddell Sea that may be related to the shelf break depth. The same faunal limit is suggested by the scavenger isopod distribution (Fig. 5.6 ). Table 5 .6 gives the mean (and range) of the average feeding rates (in % dry weight.day -1 ) measured during several experiments for the 4 studied species of Lysianassoidea. The egestion rate and digestion efficiency (both in % of ingested food) are given for Waldeckia obesa. Available data for other Lysianassoidea are also reported. It appears that feeding rates (averaged for each single experiment) encompass relatively large variations, ranging from 0.4 to 10.4 %.day -1 . These variations could be explained partly by the differences in the duration of the experiments (from 7 to 29 days, see Fig. 8 ), and by the fact that the number of experiments differed from species to species. The mean rate (averaged over all the different experiments), however, was not very different among the four species. The type of food given (squid vs fish) influences this rate but the difference is not statistically significant. However, it has been shown (Moore 1994) that Orchomenopsis zschaui digested soft tissues far more rapidly than epidermal material. It is difficult to compare our estimates with literature data, as the latter are expressed in a different way, usually refering to meal size (vs body mass) often inferred from in situ camera observations (e.g. Hargrave 1985) . This kind of estimate is made by offering scavengers a large quantity of bait and evaluating the ingested mass over short periods of time. It does not take into account eventual periods of lower feeding activity, such as we observed in aquaria (see below), and is thus a measure of instantaneous ingestion capacity rather than an estimate of feeding rate over longer periods. This may explain the differences between the two sets of values.
FEEDING EXPERIMENTS
The feeding rate of a group of individuals from a given species varied strongly from day to day (Fig. 5.7 On the other hand, feeding rates can vary by a factor of 4 to 5 among different experiments on the same species ( Fig. 5.8) . A huge food intake of bait may occur in the trap (see Table 5 .6, meal size), that might be responsible for satiation of some collected animals and for a low feeding rate in aquarium experiments, even after a week-long starvation period. Animals maintained in aquaria can survive unfed for months (Chapelle et al. 1994) .
The mean feeding rates, based on our experiments, vary between 1 and 5 % dry weight.day -1 , regardless of species. Very few data on digestion and assimilation rates of scavenging lysianassoid amphipods exist in the literature. Sainte-Marie (1992) , assuming complete assimilation of the food bolus, calculated that for E. gryllus between 8.3 and 17.8 days would be required for complete digestion and assimilation of one meal. Hargrave et al. (1995) estimated from exponential curves fitted to decreases in gut contents of the same species, that digestion would be 95% complete within 15-46 h in the Canada Basin, and within 99-255 h in the Nares and Sohm Abyssal Plain.
Comparing the organic matter in bait and in well-digested gut contents, they estimated a digestion efficiency of 85%, which is not very different from the value we obtained for W. obesa, i.e. 67%, using another method. Rapid digestion, associated with liquefaction of food, would enable amphipods to regain mobility as soon as possible after feeding, which is advantageous for these opportunistic feeders in food-poor environments (McKillup and McKillup 1994, Hargrave et al. 1995) .
Considering the numerous and diverse benthic fauna recorded on the Antarctic shelf (see Gutt et al. 2000) it appears that relatively few species, 
